INTRODUCTION
Thermal imaging is a technique of recent interest for the nondestructive evaluation of materials. This method attempts to characterize the internal structure of a sample (perhaps to locate flaws-cracks, bubbles, corrosion, etc.) by using its surface temperature response to an external heating. Some recent work on this subject is detailed in [2], [3], [4] and [6] .
In this paper the problem of detecting and identifying the location, size and shape of an unknown internal void in a planar domain using thermal methods is examined. The void could represent a defect in the material, or it could be a feature which is supposed to be present, e.g., a conduit, whose location or geometry is to be assessed. The focus is on the case in which the thermal stimulus, an applied heat flux at the boundary of the sample, is a periodic point heat source. Separating the temporal and spatial variables leads to an inverse or domain identification problem for an elliptic equation. This is solved with an optimization approach and uses a boundary integral equation formulation to approximate the heat conduction problem.
MATHEMATICAL MODEL
The two-dimensional sample under consideration is shown in Figure 1 . A periodic point heat source is applied on the top sample surface. The resulting periodic temperature response on the top is then measured and used to locate and identify the void D*. Since the heating is periodic, the temperature T( t, x) can be written as
where t denotes time, x = (Xl, X2) is the spatial variable and the periodic heating is the heat flux at the boundary. In our case 9 = bp where P denotes the point at which the input heat flux is applied. The problem under consideration can be stated as follows: Given measurements of the solution T to equation (2) on the boundary of the sample, identify the void D*. Note that the function T is complex-valued, consisting of a real or in phase component and imaginary or out of phase component.
We will assume that the void D* can be described by finitely many parameters , ij = (ql, ... ,qm) and that the boundary of D* is reasonably smooth, e.g., has finite curvature everywhere. One approach to finding the unknown void is to use an optimization approach. Specifically, suppose Ti , i = 1, ... , n are measurements at points Xi of the boundary temperature of the sample with void D* . One can then
seek an estimate of D* by finding that region D( if) which minimizes the quadratic
where Tq(x) is the solution to equation (2) with D = D(if) replacing D*. In short , one varies the vector ij (and so D( if)) to obtain the best fit to the measured data T;.
One of the drawbacks to the optimization approach is that minimizing the functional (3) requires many repeated solutions to the heat conduction problem with varying regions D. It is thus highly advantageous to have a means of rapidly solving the heat conduction problem. Moreover, standard methods for minimizing J(ij) also require the derivatives of J with respect to ij. For these reasons the method of boundary integral equations was chosen for solving equation (2). If the sample without the void D is denoted by n then the function T( x) satisfies the
